Total polyphenol, flavonoid and vitamin C contents:
Phenolic compounds were expressed as mg GAE 100g -1 and were extracted by the method of Swain and Hillis (1959) , using 80% methanol and identified using the Folin-Ciocalteau method (ZIELINSKI; KOZLOWSKA, 2000) . Total flavonoids were quantified by Zhishen, Mengcheng and Jianming (1999) , using the pyrocatechin as standard and expressed as mg 100g -1 . Vitamin C was determined by the Tillmans method, expressed as mg 100g -1 according to the Institute Adolfo Lutz (INSTITUTO..., 2005) .
Use of Annona crassiflora pulp flour (AF)
We developed two formulations of bread, the first containing 10 and 20% ACF (F10 and F20, respectively), replacing the wheat flour. A control formulation was also developed, without the test flour, as described in Table 1 .
Baking method
The baking used was the direct method, consisting of the stages: mix (25 min), weigh and division of the dough (100 ± 10 g), casting, fermentation (1 h and 30 min) and baked in gas oven (Dako, 103L) at 180 ± 20 °C for 40 minutes.
Sensory analysis
Panelists of the sensory evaluation were students and staff of the Federal University of Jequitinhonha and Mucuri Valleys (UFVJM), with no relationship of subordination to the researchers. They signed an informed consent according to Resolution 196/96 of the Ministry of Health (BRASIL, 1996) , protocol 032/2008 in the process of the Research Ethics Committee of UFVJM.
Panelists (n=37) were nonsmokers, of different ages, both sexes, randomly selected, untrained. The preference test was done according to Carneiro and Minin (2006) . In the acceptance test, participants (n=37) received an evaluation form containing a 5 point-hedonic scale, in which the highest score represented [five] "I like very much" and the minimum score represented [one] "I dislike very much" (MONTEIRO, 1984) . The acceptability index (AI%) of the formulation was determined and calculated according to Teixeira, Meinert and Barbetta (1987) as follow: (FERREIRA; PENA, 2010; COELHO; AZEVEDO, 2012; SOUZA et al., 2012; ZANATTA; SCHLABITZ; ETHUR, 2010) . Silva et al. (2008) related that there are few scientific studies on the chemical and nutritional composition of native Savanna fruit.
The aim of this study was to evaluate the chemical and mineral composition of Annona crassiflora pulp and its flour, as well as the influence of adding A crassiflora flour on sensory acceptance of bakery products.
Materials and methods

Preparation of Annona crassiflora fruit and flour
A. crassiflora fruit were purchased in the city of Diamantina, Minas Gerais State, Brazil. Ripe fruit were selected by the absence of cracks and signs of deterioration. Fruit were washed and the pulp was separated manually from the seeds and peel.
After processing, part of the fruits were dried in a forced air oven at 60 ± 5 °C, for 48 hours until moisture content between 10 and 12 g 100g -1 of the material, as suggested by other studies (ZANATTA; SCHLABITZ; ETHUR, 2010; FERREIRA; PENA, 2010; COSTA et al., 2012) . Then, samples were crushed in a grinder with a sieve aperture of 0.5 mm, homogenized and stored in plastic bags at -10 °C and protected from light prior to analysis and preparation of the formulations, resulting in the A. crassiflora flour (ACF).
Chemical determination
Proximate composition (ASSOCIATION…, 2005) : moisture was determined through a forced air oven at 105 ± 5 °C to obtain a constant weight, ash was determined by burning organic matter present in food at 550 ± 5 °C. The protein was determined by Kjeldahl method; the ether extract or lipids were determined by continuous ether extraction using the Soxhlet extractor (Tecnal TE 044-5/50 model) device; total, insoluble and soluble dietary fibers were determined by the enzymatic gravimetric method of Prosky et al. (1988) ; total carbohydrates were calculated as the mass balance difference (g 100g -1
) related others components , the energy value was obtained using Atwater factors (BUCHHOLZ; SCHOELLER, 2004) .
Determination of Minerals: calcium, zinc, potassium, magnesium, iron, phosphorus and manganese were determined by atomic absorption spectrometry (Shimadzu UV 1240) with acetylene flame, method of Sarruge and Haag (1974) and Fiske and Subbarow (1925) . The extracts (dry matter) were obtained by nitro-perchloric digestion. Phosphorus was determined according to AOAC (ASSOCIATION..., 1990) , calcium, magnesium, copper, iron, manganese and zinc by atomic absorption spectrophotometry (AAS7 model), and potassium by flame photometry (AFP-100 model).
Determination of total acidity (TA):
The total acidity was determined by titration of the pulp and flour with 0.01N NaOH. The results were expressed as g citric acid 100g
-1 (INSTITUTO..., 2005). of fat from ACF should be investigated, given that 79% monounsaturated fatty acids from the pulp of A. crassiflora is represented by oleic acid (ALMEIDA; AGOSTINI-COSTA; SILVA, 2008) . It is known that regular consumption of monounsaturated fatty acids (oleic acid) may reduce the risk of cardiovascular disease, since they are associated with reduction in plasma total cholesterol and LDL-cholesterol, without lowering HDL-cholesterol and cause lipid oxidation (SPOSITO et al., 2007) .
The content of total dietary fibers was lower than found by Silva et al. (2008) . However, compared with conventional flours, the ACF showed high values of total dietary fibers (PADOVANI et al. (2007) . Regarding the type of fibers, the A. crassiflora flour showed significant amounts, especially about the insoluble fraction. Insoluble fibers have important physiological effects on human health. They increase volume and softening of feces and the defecation frequency, reducing the intestinal transit time (INSTITUTE..., 2002) . Moreover, Adam et al. (2001) examined flours with high insoluble fiber contents and found that these were effective in lowering LDL-cholesterol in experimental animals, demonstrating the functional effects.
Additionally, the values found for ash were higher than the A. crassiflora pulp cited in the literature (ROESLER et al., 2007a ; ALMEIDA, AGOSTINI-COSTA; SILVA, 2008; SILVA et al., 2008) , and conventional bakery flours (wheat and oat) (PADOVANI et al., 2007) . The flour also showed significant levels of minerals, as observed in Table 3 .
Carbohydrate content of the A. crassiflora pulp was superior to that registered by Silva et al. (2008) , but the caloric values were lower. Hypothetically, 100g ACF contributes about 15% of total caloric value of an individual with a diet of 2000 kcal/day.
Other fruit of the family Annonaceae has total acidity ranging from 0.18 to 0.58 g 100g -1 expressed in citric acid, and the atemoya (0.47 g 100g -1
) is the fruit with the acidity near to that found in A. crassiflora (MARCELLINI et al., 2003) . Julián-Loaeza et al. (2011) reported 0.34 g citric acid 100g
-1 in the deep pink A. diversifolia. Soares Júnior et al. (2007) found 2.5 to 3.1 mL 100g -1 NaOH in the second day of storage of minimally processed A. crassiflora pulp, which represents 0.16 to 0.20 g citric acid 100g
-1 , less than that of A. crassiflora pulp evaluated.
Average acceptance score % 100 Maximum acceptance score AI = ×
Statistical analysis
Results of acceptance tests were subjected to ANOVA and Tukey's test at 5% probability level for comparison between means, using the statistical software SISVAR (FERREIRA, 2003) . The results of the ordering test were subjected to Friedman's test and Hollander and Wolfe (1973) tables at 5% significance levels.
Results and discussion
The flour concentrated nutrients from the A. crassiflora pulp, showing high levels of dietary fiber, carbohydrates, ash and total polyphenols ( Table 2 ).
The moisture from the Annona crassiflora pulp was close to findings of Almeida, Agostini-Costa and Silva (2008 ). The A. crassiflora flour concentrated protein from pulp and this could contribute about 12% needs of a 60kg, 30-year-old adult (INSTITUTE…, 2004) .
The ether extract of the A. crassiflora pulp was lower than that observed by Silva et al. (2008) and Roesler et al. (2007a) . The ACF showed high amounts of crude fat or ether extract compared to corn flours (0.19 to 1.25 g 100g -1
) (GUILHERME; JOKL, 2005). Common flours used in bakery products possess different amounts of fat; the value found in ACF is among those verified to wheat and oat flour used in Brazil and USA (PADOVANI et al., 2007) . In addition, the fatty acid profile The consumption of 100g day -1 of ACF would contribute 8.87% phosphorus needs of an adult (INSTITUTE..., 1997).
Moreover, magnesium, the fourth most abundant mineral in A. crassiflora, participates in several important metabolic processes (HE et al., 2006; SCHULZE et al., 2007) . The study of He et al. (2006) provides a prospective evidence that magnesium intake is inversely associated with incident metabolic syndrome and its components in healthy young adults. Thus, the consumption of A. crassiflora pulp or ACF can also bring beneficial effects to human health due to its magnesium content. A. crassiflora studied by Almeida, Agostini-Costa and Silva (2008) In this way, the consumption of copper and zinc is essential to maintain enzymatic activities in the body (BUZADŽIĆ et al., 2002) . Oat in the USA contains amounts of zinc close to that found in ACF, but the values of copper is the opposite (PADOVANI et al., 2007) . The consumption (100 g day ). However, it is known that iron from plant foods is not completely bioavailable, and probably the highest rate of iron intake will not result in greater absorption, because it depends on its bioavailability in the meal, or presence of anti-nutrients that can decrease the absorption (AQUINO; SALVINO, 2009).
Manganese is a mineral with vital role in a body, for the operation of the nervous system, formation of normal structures and maintenance and normal reproduction. It is part of many enzymes and interferes with the use of fats, the functioning of the liver, pancreas and adrenal glands (CHITARRA; CHITARRA, 2005). One hundred grams of A. crassiflora flour per day would supply little more than 100% requirements (AI) for manganese of an adult or older person (INSTITUTE..., 2002) , which helps in carrying out vital functions of this mineral. Thus, the consumption of ACF could enhance the source of minerals such as potassium, calcium, manganese. However further studies are required to elucidate the interaction between minerals or other dietary compounds.
The Table 4 lists the results of statistical analysis, indicating no significant difference between the sum of preference orders and acceptance means by the hedonic scale test.
In the preference test conducted by Rocha et al. (2008) , the yogurt with 25% of A. crassiflora sweet was preferred instead 20 and 30%. In this study, there was no statistical difference in the preference test, indicating that it is possible to add the ACF in bakery products at concentrations even higher than those studied.
Polyphenol contents found in the A. crassiflora pulp were higher than observed by Julián-Loaeza et al. (2011) (2004) found 5.96 mg g -1 dry weight. Thus, it is possible that methanol is a solvent more efficient in extracting polyphenols from the pulp of A. crassiflora, since the results of this study are also higher than found in ethanolic extracts (ROESLER et al., 2007b) .
In a study with different temperatures to dry A. crassiflora pulp, Costa et al. (2012) showed that there was no change in flavonoid and polyphenol contents when dried at 60 °C. Carotenoids may act as antioxidants associated with reduced risk of many chronic degenerative diseases (TRUMBO; ELLWOOD, 2006; VOUTILAINEN et al., 2006) . The A. crassiflora pulp studied by Almeida, Agostini-Costa and Silva (2008) showed 0.84 mg 100g -1 carotenoids. The ACF also showed significant amounts of these compounds.
The highlighted mineral components in the analyzed materials were potassium, calcium, phosphorus and manganese (Table 3) .
The three varieties of Annona diversifolia fruit showed high potassium contents (335.95; 347.40 and 347.80 mg 100g -1 ). The amount of potassium is also higher than those found in oat and wheat flours (PADOVANI et al., 2007) . Thus, ACF could be considered a great source of potassium: 100g ACF would supply 15.85% daily needs of an adult (INSTITUTE..., 2004) .
The A. crassiflora pulp studied by Silva et al. (2008) presented similar values of calcium (29.0 mg 100g -1 ). For a person (19 to 50 years) with daily needs of 1000 mg calcium per day, the addition of 100 g ACF to the diet would contribute with 11.75% nutritional recommendations (INSTITUTE..., 1997) . But it must be considered the presence of anti-nutritional compounds such as phytates and oxalates, which impair the absorption of this mineral (BUZINARO; ALMEIDA; MAZETO, 2006) .
The Annona species showed values of phosphorus ranging from 26 to 42 mg 100g -1 in their composition (PINTO et al., 2005) , which were higher than the those found in A. crassiflora.
The average of hedonic scale test indicate acceptance scores "4 -I liked" and "5 -I liked very much", acceptance also evidenced by the AI above 80 % in the three formulations. Rocha et al. (2008) also found high acceptance scores for yogurt with A. crassiflora sweet, unlike Rocha et al. (2004) , that found average scores between 3 (indifference) and 4 (acceptance), in the 5 point-hedonic scale. Figure 1 illustrates that the F10 received the highest score percentage "5-I liked very much", and F20 showed the highest percentage (78.38%) of the acceptance scores.
The scores distribution among the panelists also indicate acceptance of the experimental formulations. Thus, it is possible to produce bakery products with 10 or 20% ACF instead of wheat flour.
According to Cheong et al. (2010) , A. muricata fruit have many volatile flavor compounds. Thus, research on the quantitative descriptive analysis and intentions to purchase/ consumption are necessary to map the best sensory profile of the products studied, since volatile flavor compounds in A. crassiflora pulp could influence the acceptance thereof.
Conclusions
The drying process is crucial to preserve the nutritional characteristics from fresh fruit.
The A. crassiflora pulp and flour offer significant amounts of fiber, carbohydrates, minerals and antioxidants such as polyphenols, vitamin C and carotenoids.
The breads have good acceptability, AI above 80 % in the three formulations. 
